Improved embryo development using high cysteamine concentration during IVM and sperm co-culture with COCs previous to ICSI in bovine, (2018),
Introduction

54
Since the first intracytoplasmic sperm injection (ICSI) performed in bovine [1], many 55 efforts have been made worldwide to improve in vitro embryo development and birth rates. 56 Despite the great advances achieved in terms of in vitro embryo production, ICSI in cattle pretreatments have been developed, though with varying results [7] [8] [9] [10] [11] [12] [13] . The aim of this 64 work was to evaluate treatments that better resemble physiological processes occurring to 2.3 In vitro fertilization (IVF) 138 For IVF groups, COCs were matured in vitro for 21 h, washed in Hepes-TALP and 139 immediately co-incubated with sperm. The IVF procedure was previously described by 140 Brackett and Oliphant [34] . Briefly, frozen semen from two bulls was thawed in a 37°C 141 water bath for 30 sec. Sperm were washed twice by centrifugation at 490 X g for 5 min 142 with 5 ml of Brackett's defined medium. Sperm concentration was adjusted to 15x10 6 /mL 143 in Brackett's fertilization (BO) medium and co-incubated for 5 h with groups of 20-22 144 COCs in 100 μl droplets covered with mineral oil. Afterwards, presumptive zygotes were 145 vortexed for 30 to 60 sec and washed several times in Hepes-TALP and cultured in vitro as 146 described below. 
Co-incubation of sperm with COCs (Co-cult) previous to ICSI 149
This procedure was performed as was explained in IVF section, with slight differences.
150
Groups of 2-3 in vitro matured COCs were washed in TALP-H and placed in 20 μl droplets 151 containing 15x10 6 /mL sperm. The co-incubation of sperm and COCs (co-culture) was 152 carried out for a minimum of 3 h. Then, COCs were placed directly into a PVP droplet, 153 carrying the spermatozoa that were attached to the cumulus cells. These spermatozoa were 154 aspirated with the ICSI pipette, then immobilized and finally injected into the cytoplasm of 155 in vitro matured oocytes as explained in the following section ( Figure 1 ).
were treated with 6-DMAP immediately after ionomycin incubation to inhibit second polar 181 body extrusion. Afterwards, oocytes were thoroughly washed in Hepes-TALP and cultured 182 as described below. (Table 1) . 226 Negative controls consisted on the same mix but substituting the cDNA with water, and run 
Experiment 2: Sperm acrosome membrane integrity after incubation with COCs 269
The effect of sperm incubation with COCs on sperm acrosome membrane integrity was 
Experiment 4: Gene expression analysis of ICSI blastocysts by qPCR 290
Since the combination of IVM with high Cys and the co-incubation of sperm-COCs 291 previous to ICSI improved both cleavage and blastocyst rates, the quality of blastocysts 
Discussion
301
Unlike other species, ICSI in cattle results in low blastocyst rates and poor quality embryos.
302
In this work, we increased the concentration of Cys during IVM, and sperm were incubated 303 with COCs prior to ICSI. This alternative protocol, designed to closer mimic physiological 304 conditions, avoids the use of harmful chemical agents that may damage the oocyte and In Experiment 1, the maximum Cys concentration that can be supplemented to the IVM 308 medium without showing a negative impact on blastocyst development was determined.
309
The addition of Cys to the maturation medium is known to increase GSH levels in mature 
